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A B S T R A C T
Objectives: The aim of this study was to investigate whether experienced paediatric cochlear implant
users could show beneﬁts to speech perception outcomes from the introduction of noise reduction and
automated scene classiﬁcation technologies as implemented in the Nucleus1 6 sound processor.
Previous research with adult cochlear implant users had shown signiﬁcant improvements in speech
intelligibility for listening in noisy conditions and good user acceptance for upgrading to the Nucleus 6
processor. In adults, these improvements for listening in noise were primarily attributed to the use of a
range of new input processing technologies including noise reduction, as well as introduction of
automatic scene classiﬁcation technology.
Methods: Experienced paediatric cochlear implant users (n = 25) were recruited from four clinics located
in three countries. Research participants were evaluated on three occasions, an initial session using their
Nucleus 5 sound processor; a second session in which participants used the Nucleus 6 processor
programmed with the same technologies as were used in their Nucleus 5 sound processor; and a ﬁnal
session in which participants used the Nucleus 6 processor programmed with the default technologies
including automatic scene classiﬁcation (SCAN) which automatically selects the microphone
directionality, noise reduction (SNR-NR), and wind noise reduction (WNR) technologies. Prior to both
the second and third evaluations, research participants had approximately two weeks take-home
experience with the new system. Speech perception performances on monosyllabic word tests
presented in quiet and in noise, and a sentence test presented in noise, were compared across the three
processor conditions. Acceptance of the Nucleus 6 default settings was assessed in a ﬁnal session.
Results: No group mean difference in performance was found for monosyllabic words in quiet. A
signiﬁcant improvement in speech perception was found for both monosyllabic words and sentences in
noise with the default Nucleus 6 program condition as compared with the Nucleus 5 condition. No
acceptance issues were noted for any of the children.
Conclusions: Experienced paediatric cochlear implant users showed a signiﬁcant improvement in speech
perception in listening in noise when upgraded to the Nucleus 6 sound processor primarily due to the
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ﬁndings suggest that school-aged children may beneﬁt from upgrading to the Nucleus 6 sound processor
using the default program.
 2016 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The world is an increasingly noisy environment, and evidence
suggests that children spend approximately 30% of their time each
day in noise [1]. One such noisy environment, commonly
experienced by children, is the school classroom. The unfavourable
signal-to-noise levels regularly present in classroom environments
can often lead to problems with understanding speech. Studies of
children aged six through 11 years old with normal listening
abilities have suggested that they require a 15–20 dB better signal-
to-noise ratio than adults to achieve similar levels of understand-
ing [2]. The deleterious effects of noisy environments are further
pronounced with cochlear implant (CI) recipients who can ﬁnd it
even more difﬁcult to understand speech in noise compared to
their normal-hearing peers [3]. Due to the diversity of noisy
environments and the signiﬁcant periods of time children spend in
them, the potential to provide a range of technologies aimed at
improving listening performance in these challenging environ-
ments may be highly beneﬁcial.
1.1. Current approaches to signal management
A number of approaches to signal management have previously
been implemented in Nucleus1 cochlear implant systems, and
widely used by paediatric CI recipients. Automatic Sensitivity
Control (ASC) is a slow-acting compressor designed to automati-
cally reduce the level of noise present in input signals received at
the microphone in a noisy environment [4,5]. In contrast, adaptive
dynamic range optimization (ADRO) is a multi-channel technology
that continuously adjusts each channels gain to place the output
signal optimally within the electrical hearing dynamic range [6].
Another common approach to signal management is the use of
directional microphones which enable the listener to manually
select a conﬁguration that best retains speech information arriving
from in-front of listeners, while attenuating noise arriving from
other directions.
1.2. New approaches to improving listening performance
Recently, new sound processing technologies have been
introduced and evaluated in studies of adult CI users [7]. Automatic
scene classiﬁcation aims to remove the need for manual
adjustment by the user by automatically selecting appropriate
input processing technologies for each speciﬁc listening environ-
ment. This could potentially be of particular beneﬁt to paediatric
users, who are either unable to or have difﬁculty in changing
programs. For example, automatic scene classiﬁcation can
automatically select a suitable directional microphone technology
without user input as they move from the classroom into the
playground, two very different listening environments encoun-
tered almost daily by children. In studies with adult CI users, the
automatic scene classiﬁcation in Nucleus 6 (SCAN) was found to
provide a mean 3.5 dB improvement in speech understanding as
compared to the Nucleus 5 default program [7].
A background noise reduction technology has also recently
been developed and introduced into the Nucleus 6 speech
processor. This technology aims to reduce constant background
noise and enhance listening in challenging signal-to-noise condi-
tions. Clinical trials of these background noise technologies byexperienced adult cochlear implant users have demonstrated
signiﬁcant improvements in speech understanding in noisy
environments [8,9]. In addition, results have shown signiﬁcant
improvements in listening quality [10] and improvements of
between 1 and 2 dB on speech reception threshold (SRT) tests
(approximately 10–20 percentage points) [8,10,11].
Whilst previous research has demonstrated that the introduc-
tion of technologies such as ASC and ADRO can provide improved
speech understanding in noise for paediatric CI users [12,13],
limited research on the use of noise reduction or directional
microphones in children using cochlear implants is available.
Paediatric ﬁtting rates of automatic directional microphones in
hearing aids have been reported to be approximately 45% [1] with
favourable speech perception outcomes resulting from its use [14–
16]. To date, there have been no published articles reporting
investigations of automatic scene classiﬁcation. Given this, a clear
need exists for evaluation of speciﬁc noise technologies in
experienced paediatric cochlear implant users to determine if
they will provide similar beneﬁts to those shown for adult CI users,
and whether there are any issues with acceptance of noise
reduction of automation that should be considered in informing
clinical ﬁtting choices.
1.3. Aims
The aim of this study was to evaluate experienced paediatric CI
users beneﬁts to speech perception outcomes from the introduc-
tion of new noise reduction technologies implemented in the
Nucleus 6 sound processor. Since children may be congenitally or
pre-lingually deafened, and may have different tolerances to new
technologies, it was not assumed that they should show similar
levels of beneﬁt as those reported in studies with post-lingually
deafened adult recipients. Past research, however, has reported
similar beneﬁts to outcomes for both adults and children from the
introduction of improved stimulation strategies and/or front-end
processing. For example, signiﬁcant improvements in speech
understanding were reported for both adults and children when
upgrading to the SPEAK stimulation strategy from the MPEAK
stimulation strategy [17,18], with no reported problems with
acceptance or adaptation to the new technologies. Similarly,
signiﬁcant improvements from the introduction of ADRO [12,19]
and ASC [20,21] have also been reported in studies with both
adults and paediatric cochlear implant users. A secondary aim of
this study was to evaluate acceptance and adaptation to the new
technologies such as automatic scene classiﬁcation in a group of
experienced paediatric CI users.
2. Materials and methods
2.1. Research participants
Experienced paediatric users of the Nucleus 5 CP810 sound
processor with a CI24RE or CI500 series cochlear implant were
recruited as participants for this study. Selection criteria included:
children to be aged 6 years or older; have at least two years of
previous CI experience; be either unilateral or bilateral CI users;
and have a minimum score of 10% on a test of open set words in
quiet. Participants were also required to be attending primary or
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habilitation support.
This study was approved by and conducted under the ethical
guidance and oversight of the national competent authority
(Federaal Agentschap voor Geneesmiddelen en Gezondheidspro-
ducten) in Belgium (BVDE/MVV/2010/10.123); the Royal Victorian
Eye and Ear Hospital Human Research Ethics Committee in
Australia (HREC 12/1081H); and the Northern A Health and
Disability Ethics Committee in New Zealand (MEC/12/06/062).
2.2. Sound processor programs
Evaluations were conducted across three testing sessions, each
of which was spaced approximately 2 weeks apart. In test session
one, the children’s speech perception was tested using their
Nucleus 5 (CP810) sound processor programmed with the
participants own preferred (N5-preferred) program settings used
most frequently during everyday activities (Table 1). Following
completion of testing, subjects were ﬁtted with the Nucleus 6
(CP910) sound processor using a custom (N6-custom) program
that provided equivalent settings to their N5-preferred program.
The children wore this processor for everyday use for approxi-
mately two weeks, until the second test session, at which their
speech perception was again evaluated, when using the N6-
custom program. Following completion of the second test session,
a default N6 program was created (N6-default), which included
ASC, ADRO, SCAN, SNR-NR and WNR technologies, which together
are referred commercially as the SmartSound iQ default settings.
The children then used the N6-default program for everyday use
for approximately a further two week period until the ﬁnal test
session. At the third and ﬁnal test session, speech perception
testing was again evaluated.
For the Belgian subjects, re-testing with the CP810 processor
and the N5-preferred program was also performed at the last
session in quiet and noise, and these scores were used in the
following analysis to address the potential issue of learning effects.
Participants and their carers were also asked by their
audiologist to describe their experience with the Nucleus 6 systemTable 1
Research participant biographic details.
Num-Clinic Country Gender Age implanted Implant
Age Left Right 
01-SAH BE F 6.1 1.6 5.3 4.5 
02-SAH BE F 7.3 2.3 5.5 5.0 
03-SAH BE M 12.3 5.0 – 7.3 
04-SAH BE F 8.4 3.2 6.7 5.2 
05-SAH BE F 7.8 7.3 6.1 1.7 
06-SAH BE F 9.3 2.3 4.6 7.0 
07-SAH BE F 8.7 6.7 7.6 2.0 
08-SAH BE F 6.0 – 4.6 1.4 
09-SAH BE F 8.0 6.0 7.3 2.0 
10-HSC AU F 9.3 4.3 8.4 5.0 
11-HSC AU M 10.5 7.6 3.8 6.7 
12-HSC AU F 8.3 6.0 6.5 2.3 
13-HSC AU M 11.1 3.5 5.3 7.6 
14-HSC AU M 7.9 2.3 1.7 6.2 
15-HSC AU M 12.3 11.2 4.4 7.9 
16-HSC AU F 6.1 2.6 4.1 3.5 
17-MCIC AU M 8.4 6.8 6.3 2.1 
18-MCIC AU F 6.5 5.7 4.7 1.8 
19-MCIC AU F 7.5 7.0 6.4 1.1 
20-MCIC AU F 11.2 4.9 7.1 6.3 
21-MCIC AU F 9.2 5.9 – 3.3 
22-MCIC AU M 8.8 5.9 7.6 2.9 
23-THH NZ F 10.4 – 2.7 7.7 
24-THH NZ F 10.8 – 7.6 3.2 
25-THH NZ F 15.0 – 3.4 11.6 and their subjective preferences following the third test session
and outcomes were collected with an open questionnaire.
Additionally, participants and their carers in the Belgium clinic
were given the choice of retaining their Nucleus 5 sound
processor(s), or opting to permanently upgrade to the Nucleus 6
sound processor with the SmartSound iQ technologies.
2.3. Study design
The study employed a single-subject design, in which each
subject served as his or her own control. Speech perception
performance with the N5-preferred, N6-custom and N6-default
programs was evaluated for each subject in quiet. For evaluating
beneﬁts in noise, speech perception performance when using the
N5-preferred program was compared to that using the N6-custom
program in order to identify any effect from upgrading to the new
sound processor but using the same program. Comparison of test
results when using the N5-preferred program with that for the N6-
default program was evaluated to determine any beneﬁts from the
introduction of the noise technologies. To control for training
effects, subjects were evaluated across three sessions spaced
approximately 2 weeks apart, enabling the children to facilitate
acclimation to the different programs.
2.4. Speech testing in quiet and noise
All speech tests were conducted in a sound-attenuating
audiological booth. Both speech and noise were presented from
a single loudspeaker located 1 metre directly in front of the child as
illustrated in Fig. 1. The room was calibrated to ensure that the
presentation level of the speech stimuli at the child’s microphone
was accurately known. All sentence and word lists were randomly
selected from the lists available.
Monosyllabic words in quiet were administered at 60 dB SPL,
which represented a conversational speech level for everyday
environments. For the Belgian subjects, the NVA (Nederlandse
Vereniging voor Audiologie) words were used, with two lists of 11
words, administered in each condition [22]. For subjects in use Implant type Stim rate Processing Test mode
Left Right
CI512 CI24RE 900 ASC + ADRO Bilateral
CI512 CI24RE 900 ASC + ADRO Bilateral
CI24RE HA 900 ASC + ADRO Unilateral
CI24RE CI24RE 900 ASC + ADRO Bilateral
CI24RE CI24RE 900 ASC + ADRO Bilateral
CI512 CI24RE 900 ASC + ADRO Bilateral
CI24RE CI24RE 2400 ASC + ADRO Bilateral
HA CI24RE 900 ASC + ADRO Unilateral
CI24RE CI24RE 900 ASC + ADRO Bilateral
CI24RE CI24RE 900 ADRO Bilateral
CI24RE CI24RE 720 ADRO Bilateral
CI24RE CI24RE 720 ADRO Bilateral
CI24RE CI24RE 900 ADRO Bilateral
CI512 CI24RE 900 ADRO Bilateral
CI24RE CI24RE 900 ADRO Bilateral
CI512 CI24RE 900 ADRO Bilateral
CI24RE CI24RE 900 ASC + ADRO Bilateral
CI24RE CI24RE 900 ADRO Bilateral
CI24RE CI24RE 900 ADRO Bilateral
CI24RE CI24RE 900 ASC + ADRO Bilateral
CI24RE HA 900 ASC + ADRO Bimodal
CI24RE CI24RE 900 ASC + ADRO Bilateral
HA CI512 900 ADRO Unilateral
– CI24RE 900 ASC + ADRO Unilateral
– CI24RE 900 ASC + ADRO Unilateral
Fig. 1. Speech from 08 and noise from 08 (S0N0) test conﬁguration.
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(Consonant Nucleus Consonant) words, with a single list of 50
words administered in each condition [10,23].
Given the age of the subjects, testing in noise was conducted
using ﬁxed-level testing. In Belgium, the monosyllabic words were
presented at 65 dB SPL in speech-weighted noise (SWN) at a level
where participants scored between 40% and 70% in their ﬁrst visit.
For eight participants this was a level of 65 dB SPL, and for
participant CTC07 it was a level of 60 dB SPL. The monosyllabic
word test was used as there were no suitable Flemish language
sentence lists for children available at the time of the study. In
Australia & New Zealand clinics CUNY (City University of New
York) sentences were presented at 65 dB SPL in 50 dB SPL SWN
noise (HSC, THH) or 55 dB SWN noise (MCIC).
3. Results
3.1. Research participant information
A total of 25 children who met the selection criteria were
recruited: nine from the European Institute for ORL-HNS in Antwerp,
Belgium (SAH); seven from the Hear and Say Centre in Brisbane,
Australia (HSC); six from the Cochlear Implant Centre, Royal
Victorian Eye and Ear Hospital in Melbourne, Australia (MCIC);
and three from The Hearing House in Auckland, New Zealand (THH).
Biographical information on the participants is shown in Table 1.
Eighteen participants were female and seven were male. Partici-
pants’ ages ranged between 6 and 15 years. The average duration of
implant use was 6.1 years (ranging from 2.3 years to 11.2 years). Of
the 25 participants, 19 were bilateral CI users. In these cases, both
processors used the same stimulus rate and the same processing
technologies, and both processors were upgraded together during
test sessions. Of the six unilateral CI users, four were bimodal users,
having a hearing aid in the contralateral ear. When processors were
worn at home, the hearing aid was enabled and used together with
the CI. However, during test sessions, three of the participants were
tested unilaterally using their CI only, while one participant,
21-MCIC, was tested bimodally using both their CI and their hearing
aid. Two participants were unilateral CI recipients who did not use
any assistive hearing device in their contralateral ear. These
participants were tested unilaterally using their CI only.
3.2. Speech perception in quiet
Individual scores of each of the subjects for the three programs,
together with group mean results for the monosyllabic word test in
quiet are shown in Fig. 2. Given that there were no obviousdifferences in the performance means and ranges found for the
subjects tested in quiet using the two different language tests, the
data for all subjects was combined for statistical analysis. A one-
way repeated measures analysis-of-variance (ANOVA) on ranks
was used to determine if there was any signiﬁcant difference in
outcomes across the three programs. No statistical difference was
found in outcomes for any of the three programs on the tests of
speech perception in quiet.
3.3. Speech perception in noise
In the case of testing for beneﬁts to speech perception in noise,
due to the use of monosyllabic words in noise test for the Belgian
subjects, in contrast to a sentence in noise test for the English-
speaking subjects, the results for speech perception in noise were
analysed separately for the two language groups. Individual
subject scores and group mean data for the nine Belgian subjects
on the test of monosyllabic words in noise is shown in Fig. 3.
Although the speech weighted noise presentation level was
selected to result in participants scores falling between 40% and
70%, the group average was 33%. This was lower than expected, and
thought to be due to test variability. Paired t-tests showed no
signiﬁcant difference between N5-preferred and N6-custom
programs. However, paired t-tests showed a signiﬁcant 16.7
percentage point improvement in group mean scores for the N6-
default (50.0%) as compared to the N5-preferred (33.3%) (t = 9,
p < 0.01) condition.
Individual subject scores and group mean sentence data for the
English-speaking subjects from Australia and New Zealand are
shown in Fig. 4. Paired t-tests showed no signiﬁcant difference
between N5-preferred and N6-custom programs. However a
signiﬁcant 9.41 percentage point mean improvement in sentences
scores was shown for the N6-default condition (71.0%) as
compared to results in the N5-preferred condition (61.6%)
(t = 16, p < 0.05).
Subjective preference questionnaire results indicated that all
recipients were able to easily adapt to use of the N6-default
program, and no speciﬁc problems were identiﬁed in sound quality
or listening abilities. After the ﬁnal session providing approxi-
mately four weeks of take-home use, all nine participants from the
Belgium clinic chose to upgrade permanently to the Nucleus 6
sound processors with the default SmartSound iQ program. From
all clinics, the ﬁtting and upgrading process of paediatric
participants progressed smoothly and did not pose any problems.
4. Discussion
The aims of this study were to evaluate whether experienced
paediatric cochlear implant users would show similar beneﬁts in
speech perception from use of noise reduction technologies
implemented in the Nucleus 6 sound processor to those previously
shown with adult cochlear implant recipients, and secondly to
identify any issues with user acceptance to the upgrade. This
information on comparative performance of the Nucleus 6 and
Nucleus 5 cochlear implant systems, together with information
gained on satisfaction with and acceptance of the noise reduction
technologies would be important for recipients and their families
considering upgrading to the Nucleus 6 technology.
Results of speech perception tests in quiet showed comparable
performance between the two systems, and across the three
program conditions tested. This was as expected, given that similar
programs were implemented in the N5-preferred and N6-custom
conditions, and that SmartSound iQ noise reduction technologies
implemented in the N6-default condition were not designed to
target performance in quiet conditions. Indeed, these results are
consistent with the Nucleus 6 ﬁndings reported for experienced
Fig. 2. Percent correct scores on monosyllabic word test in quiet for N5-preferred, N6-custom and N6-default program conditions. Group mean scores are shown on the right
for the three program conditions, with error bars showing the standard error of the mean (SEM).
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Nucleus 6 programs [7,24].
In contrast, results for speech perception in noise were
signiﬁcantly improved for all subjects when using the Nucleus 6
processor with the default program including the SmartSound iQ
noise reduction technologies, as compared with their previous
Nucleus 5 processor and program (16.7 percentage points for
Belgian subjects, and 9.7 percentage points for English speaking).
This difference appears to be due to the implementation of
background noise reduction (SNR-NR) on the Nucleus 6 device, as
the other introduced technologies (SCAN and wind noise reduction
(WNR)) are not expected to provide any change in an S0N0 test.
Similar outcomes for improved speech perception in noise have
been reported with adults cochlear implant users, who showed a
1.2–1.7 dB improvement in SRT for a similar test conﬁguration,
equivalent to approximately a 10–20% increase in speech
perception scores for Flemish and English speaking adult subjects
[7,24]. Similarly to previous Flemish and English adult studies
[7,24], subject selection did not inﬂuence unilateral or bilateral
capacities, as the aim of these studies was to assess the beneﬁts for
the general upgrade population. Although bilateral paediatric CI
users absolute performance level has been found to be slightly
improved compared to unilateral users [25], additional beneﬁts forFig. 3. Percent correct scores on monosyllabic words in SWN noise for N5-default,
N6-custom and N6-default programs. Group mean scores are shown on the right,
with error bars showing SEM. For subject 04-SAH, no data was available for the N6-
custom condition, so results for the other programs were removed from the group
average and SEM calculation.the newly included technologies, and in particular noise reduction,
are expected to provide similar improvements for both user
groups. Further studies should however investigate performance
and acceptance of these new technologies between unilateral,
bilateral and a range of bimodal user groups.
Results for subjective preference indicated that all recipients
were able to easily adapt to use of the N6-default program, and no
problems were identiﬁed in sound quality. This was the case for
bilateral CI users, and bimodal and unilateral CI users alike. At the
end of the study, after approximately four weeks of take-home use
of the Nucleus 6 sound processor, all participants from the Belgium
clinic (with input from their carers) chose to upgrade permanently
to this sound processor with the default processing. For subjects in
Australia and New Zealand, Nucleus 6 systems were provided on a
loan basis, with the understanding that these devices would only
be used during the trial as required by the local ethics approval.
4.1. Directional microphones and automatic scene classiﬁcation
Previous generations of Nucleus sound processors have
incorporated the capability to selectively attenuate sounds based
on their direction of arrival through the use of directional
microphones. This capability required that the user manually
switch between several processor programs and microphone
conﬁgurations to adapt to different signal in noise environments.Fig. 4. Percent correct scores for CUNY sentences in SWN for the N5-preferred
program, the N6-custom program and the N6-default program. Group mean scores
are shown on the right, with error bars showing SEM.
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environment has been reported to be as low as only 10% of
recipients [26]. While the manual selection approach is feasible for
adults and older children who are competent in the management
of their device, it is far less applicable and suitable for infants and
younger children who are dependent upon carers to change their
programs and to judge whether the correct programs have been
selected for different environments. Since directional microphones
in hearing aids can attenuate sounds from the sides and back, it is
thought that they may reduce incidental learning opportunities
[14,27,28].Due to both manual switching practicalities and not to
limit incidental learning opportunities, a moderate directional
microphone to mimic the natural ears directional processing is
commonly selected for paediatric CI users. In the current study, all
children were ﬁtted with such a moderately directional microphone
program (Standard) prior to joining the study. To address this issue,
Nucleus 6 has the capability (via SCAN) to automatically adjust and
control microphone directionality via scene analysis, thereby
requiring no manual adjustment of the sound processor by the
user. This technology selects a moderate directional microphone for
use in quiet, and automatically changes to a strongly directional
microphone in noisy environments to provide the best opportunity
of understanding speech in poor signal-to-noise ratios.
Previous research has clearly demonstrated the beneﬁt of good
signal-to-noise ratios for speech understanding in children. Studies
with normal-hearing children have reported that a high signal-to-
noise ratio (SNR), typically in the range of 15 dB, is required for
good speech understanding. Studies with CI recipients have
reported that speech understanding is reduced signiﬁcantly in
lower SNRs [3,29], yet many environments such as classrooms
have been measured at around 0 dB SNR [14]. As the SNR degrades
to a point where speech understanding is impacted, the capacity to
automatically engage directional microphones to compensate
would be a distinct clinical advantage. Conversely, when a quiet
environment is detected, automatic reduction in the degree of
microphone directionality would be more appropriate for low level
listening. Unfortunately, in this study, the effects of microphone
directionality were not directly evaluated due to the co-located
speech and noise speaker conﬁguration used during testing.
Further noise testing with spatially separated speaker conﬁgura-
tions and a range of noise types should be considered for future
studies. One ﬁnal consideration of the automatic functioning
implemented in SCAN is its adaptive nature in selecting different
directional microphone options. It is important to note that with
Nucleus 6, SCAN applies these transitions smoothly to avoid an
intrusive or disruptive impact on the listener. During this study,
none of the children reported that the automatic adjustments
made by SCAN on the Nucleus 6 sound processor were obvious
and/or distracting, which was also the case reported in a previous
study of the Nucleus 6 sound processor in experienced adult
cochlear implant recipients [7].
4.2. Noise reduction technology
Background noise reduction technologies are a relatively new
feature in CIs and to date, little clinical information is available
regarding their use with paediatric recipients. Nucleus 6 SNR-NR is
designed to retain much of the transient information in signals like
speech, but to attenuate the more constant steady-state type
signals in background noise which predominantly masks the
speech signal and delivers only redundant information. This
technology is on in all listening scenes and adapts each frequency
channel constantly to the changing noise level. In a previous study
testing a different background noise reduction technology in
children, no performance improvement was reported for tests in
quiet, but a signiﬁcant improvement was found for tests of speechperception in constant background noise [30]. In that study, a
range of map changes was also performed during noise reduction
ﬁtting, including changes to the maximum and minimum stimulus
levels [30]. In the current study, no changes in mapping were
performed or required, as the SNR-NR was simply enabled in the
ﬁtting software. The absence of any additional clinical ﬁtting
requirements to enable SNR-NR is beneﬁcial, as trialling of
numerous settings requiring feedback from children at each stage,
increases ﬁtting time and may not be appropriate or feasible in the
case of infants or younger children.
4.3. Use of Nucleus 6 for paediatric ﬁttings
The results of this study showed that use of noise reduction
technologies as implemented with Nucleus SmartSound iQ
provided beneﬁts to speech perception in background noise for
this group of paediatric users, without any decrement to
performance in quiet. Furthermore, all users, being bilateral,
bimodal or unilateral were able to upgrade easily and did not
experience any negative listening or sound quality problems. The
data supports the conclusion that use of SCAN and background
noise reduction is helpful for children as well as adults, and
should therefore be considered for all paediatric CI ﬁttings. Many
of the subjects in this study had had some listening experience
with SmartSound settings (including ASC and ADRO) prior to
upgrading to Nucleus 6, however none had been exposed to the
comprehensive range of SmartSound iQ options including SCAN,
SNR-NR and WNR. As reported, these were well tolerated by all
children including some with lengthy periods of device use prior
to the upgrade. The Nucleus 6 sound processor offers four
program slots so in addition to using the default SmartSound iQ
program, a custom program can be provided which may be a
modiﬁed SmartSound iQ program or one with equivalent
program settings to those on a legacy processor to aid acclimation
during upgrade.
4.4. Study limitations
The within-subject design of this study was selected to mitigate
some of the well-known issues with testing young paediatric
recipients (like limited attention span, inability to report on sound
quality, etc.). In addition, children were recruited from multiple
clinics and in different countries, to ensure that the recommenda-
tions on beneﬁts from use of new noise reduction technologies
would be generalisable to the wider clinical population. However,
this created a downside of this design in the need to control for the
different language tests used. While the monosyllabic word test
results could be collapsed across language for analysis (due to the
same word structure and a similar speech perception outcome
ranges), this was not possible for the speech perception in noise
results, due to the unavailability of an appropriate sentence test in
noise for children in Belgium.
A further issue to be considered in application of these results is
the potential for learning during any evaluation involving children.
The study design required that only three sessions were scheduled,
and test sessions were kept short, aimed at maintaining high
attention throughout testing. To mitigate the potential for a
learning effect, experienced subjects were selected who had
performed the same or similar tests previously in the clinical
setting. A simple, co-located speaker/noise experimental setup
was used, and a limited battery of tests was administered to
maximise attention span throughout the test sessions. Finally, the
words and sentences used were randomly selected, and no
material was repeated across the three evaluations. Testing in
more complex spatially separate conditions should be considered
in future studies to gain further evidence of the beneﬁt of dual
A. Plasmans et al. / International Journal of Pediatric Otorhinolaryngology 83 (2016) 193–199 199microphones and automatic adjustment of these for paediatric
recipients.
5. Conclusion
Experienced paediatric cochlear implant users showed signiﬁ-
cant improvements in speech perception in noise from the use of
noise reduction technologies implemented in the Nucleus 6 sound
processor. Subjects easily adapted to introduction of the noise
technologies without any reported impact on speech perception in
quiet or in noise. These results provide preliminary support
regarding the suitability of use of such technologies as SCAN and
SNR-NR in the paediatric population. More broadly, this data
suggests that both automatic scene classiﬁcation and background
noise reduction technologies are suitable and beneﬁcial for
experienced paediatric CI users as well as for adults. Based on
these results, use of these technologies should be considered for
paediatric CI ﬁttings.
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